Aim: The aim of this study was to examine the relation between body mass index (BMI) and functional level and health-related quality of life in children with cerebral palsy (CP).
Introduction
When compared with normal children, children with cerebral palsy (CP) have malnutrition, poor oral motor function, insufficient function of the upper extremities, insufficient nutrition and growth retardation arising from cognitive disorders (1) (2) (3) (4) . However, recent studies have shown that children with CP with a lower degree of involvement (hemiparetic and diparetic) and with better function have a higher rate of obesity compared to children with CP with a higher degree of involvement. Similarly, children with a low degree of involvement have a lower rate of neuromuscular disorder arising from spasticity and decreased motor control which affect functional activities in daily life compared to children with a moderate and high degree of involvement (5) (6) (7) (8) . However, they have less energy consumption, limited participation in physical activities and sportive activities compatible with their age compared to their healthy peers (5, 9) . Thus, the risk of obesity is increased in these children who are more immobile compared to healthy children. It has been reported that obesity causes to a defect in functional disease rate and many health problems. Obesity complicates the success of daily activities further and may affect the general health negatively by leading to limitation in participation in physical activities and insufficient self-care (5) . These problems in children with CP together with feeding problems may result in limitation in social participation, indifference, decreased learning ability, limitation in playing activities and decreased academic succes with decreased consumption of energy which is required for participation in activities. This may considerably decrease the general well-being and quality of life of the child.
Studies have shown that there is a significant relation between growth and health and body composition affects the general health status, the child's success in participation in activities and intra-familial activity level in children with CP (7, 10) . Body composition is a significant factor which affects the quality of life of both the child and the family (10, 11) and affects the child's functional ability (for example, activity and social participation) and general well-being in different dimensions in children with CP.
In the literature, there are studies which tried to determine body composition and feeding problems in children with CP, but no study investigating the effect of body mass index (BMI) on functional status and health-related quality of life (HRQL) is found. Our study which was planned considering this defect has the characteristic of being the first study in this area. The aim of this study was to determine BMI in children with CP with different degrees of involvement and examine the relation between BMI and functional independence and HRQL.
Material and Methods
Two hundred seventy-eight children diagnosed with CP aged between 2 and 18 years were included in the study. Thye study was conducted with children who were attending physiotherapy and rehabilitation programs in different private education and rehabilitation centers in Western Black Sea region of our country. The size of the population was decided to be 278 considering a rate of feeding problem of 40-50% (12) in children with CP, a 95% confidence interval and a tolerance value of 0.05. The study inclusion criteria included having a diagnosis of CP and accesibility of the parents. The study exclusion criteria included presence of another genetic and/or neurological problem, failure to reach the parent/caregiver who takes care of the child and joint limitation hindering height measurement.
The children were included in the study with the permission of their parents after obtaining informed consent following the necessary explanations and briefing given to the parents. The ethics committee approval was given by the ethics committe of Abant İzzet Baysal University, Medical Faculty (Number: 2008/100-77).
The age, gender, height, weight values of the children and type and severity of involvement were recorded. BMI which was obtained by dividing the body weight to the square of the height value was obtained with the corresponding value on the percentile curves which were established seperately for girls and boys. In the scope of the study, the children were divided into four groups as follows: low weight: 0-49 th percentile, normal weight: 50-84 th percentile, overweight: 85-94 th percentile and obese: 95 th percentile and above.
The level of gross motor function of the children was evaluated using the gross motor function classification system (GMFCS) (13) and functional independence was evaluated using the functional independence measurement WeeFIM which was developed for children (14) and the Child Health Questionnaire -Parent Form (CHQ PF-50) (15) .
GMFCS was used to determine motor function levels of the children (13) . The gross motor function classification system is a classification system which is used in determining the functional level in children with CP which ranges between level 1 and level 5. Level 1 indicates that the child is active in indoor and outdoor activities without limitation and without a need for assistive devices for movement and level 5 indicates that self-movement is not possible even if assistive decives are used (16) . In our study, the children with level 1 and 2 were considered to have mild involvement, the children with level 3 were considered to have moderate involvement and the children with level 4 and 5 were considered to have severe involvement.
WeeFIM is a measurement method used to determine functional limits in daily life in children with CP and other developmental disorders. It is composed of 6 parts and 18 items: self-care (six items), sphincter control (two items), mobility (three items), locomotion (three items), communication(two items), social interaction (three items). There is a scoring system between 1 and 7. A score of 1 indicates full dependence and a score of 7 indicates full independence (14) .
The Child Health Questionnaire-Parent Form-PF50 is composed of 14 subdimensions and contains a total of 50 question items. The concepts measured are as follows: general global health (GGH), physical function (PF), role/social limitations as a result of emotional or behavioural problems (REB), role/social limitations as a result of physical health (RP), bodily pain/discomfort (BP), behaviour (BE), mental health (MH), self-esteem (SE), general health perception (GH), parental emotional impact (PE), parental time impact (PT), family activities (FA), familial compatibility (FC). In addition, it includes the part " change in health" which compares the health status of the child with the status one year ago. The total score ranges between 0 and 100. A high score indicates a better function and well-being status. The validity and reliability study of the Turkish version was performed and used in this study (15) .
Statistical analysis
In statistical analyses, PASW (SPSS ver. 18, Chicago, IL, USA) statistical program was used. Descriptive statistics belonging to the data obtained were expressed as numbers and percentage frequencies and mean±standard deviation (mean±SD) in tables. Kruskal Wallis test was used to determine the difference between the groups classified by body mass index in terms of functional level and health-related quality of life. Pearson correlation analysis was used to determine the difference between BMI and functional level and health-related quality of life. Mann-Whitney U test with Bonferroni correction was used to determine which groups showed difference among the groups which were found to have significant difference as a result of Kruskal Wallis test. A p value of <0,05 was considered significant.
Results
A total of 278 children with CP with a mean age of 8.50±4.49 years 156 (56.1%) of whom were female and 122 (43.9%) of whom were male were included in the study. 17.9% of the children had diparetic CP, 19.06% had hemiparetic CP and 62.94% had quadriparetic CP. When classified according to BMI, 73 of the children (26.3%) had normal weight, 15 (5.4%) were overweight, 32 (11.5%) were obese and 158 (56.8%) had low weight.
According to gross motor function classification, the great majority of the children (37.8%) had a level above 5. 10.1% of the children had a level of 1, 19.8% had a level of 2, 18.7% had a level of 3 and 13.7% had a level of 4 (Table 1 ).
In our study, the rate of low weight was found to be higher in children with CP who had moderate and severe involvement (52.7%, 53.8%, respectively), while the rate of obesity was higher in ambulatory children with mild involvement (7.1%) ( Table 2) .
On the comperative statistical analysis, a difference was found between the children with CP who had normal weight, overweight, obesity and low weight in terms of the total WeeFIM score and CHQ dimensions of physical function and role/social limitations as a result of physical health (p<0.05). The statistical difference arised from the children who had normal and low body weight. A difference was found between the children who had normal weight and low weight in terms of the total WeeFIM score and CHQ dimensions of physical function and role/social limitations as a result of physical health (p<0.05), while no statistical difference was found between the children with normal weight and the obese and overweight children and between the overweight children and obese children (p>0.05). No difference was found in terms of the variables including role/social limitations as a result of emotional or behavioral problems, bodily pain and discomfort, behavior, intellectual health, self-esteem, general health perception, parental emotional impact, parental time impact, family acitivities and familial compatibility (p>0.05) ( Table 3 ).
In the correlation analysis performed between BMI and WeeFIM, a negative correlation was found between BMI and the dimensions of self-care, sphincter control, mobility, locomotion, communication, social interaction of WeeFIM (p<0.05) and a positive correlation was found between GM-FCS and BMI (p<0.05) ( Table 4 ).
In the analysis of Child Health Questionnaire-Parent Form and BMI, a positive correlation was found between BMI and the subdimensions including physical function, role/social limitations as a result of physical health, bodily pain and disconfort and self-esteem (p<0.05). No correlation was found between BMI and the other subdimensions of CHQ (p>0.05) ( Table 5) .
Discussion
The main findings we obtained in our study were as follows: there was a difference between the children with CP who had normal weight, low weight, obesity and who were overweight in terms of functional independence levels and a negative correlation was present between BMI and functional independence level and health related quality of life. Türk Ped Arş 2014; 49: 130-7 Tarsuslu Şimşek and Tuç. Body mass index and quality of life in children with cerebral palsy As far as we know, this study is the first study performed in this area and we think that the results of this study will be a good source for other future studies targeted to be conducted.
Although studies have reported that the rate of low weight is higher in children with CP as a result of poor and inadequate nutrition, the rate of obesity and overweight has also been reported to be increased in children with CP (especially the ones who can walk) as in healthy children and children with other different disabilities (1, 3, 5, 16-18) . In parallel to these studies, the rate of low weight was found to be higher in children with CP in our study (56.8%), though the rates of overweight and obesity were found to be 5.4% and 11.5%, respectively. In children with CP, malnutrition does not originate only from poor/inadequate nutrition, but also from factors which are not related with nutrition including immobility, endocrinological changes and spasticity (4). Similar to the other studies performed, the rate of obesity was found to be higher in children with mild involvement who could walk and the rate of low weight was found to be higher in children with moderate and severe involvement (5, 16) . The factors including excessively increased muscle tonus, oral motor disorders and immobility may have a negative impact on the level of nutrition and this results in low weight. We think that determining the factors causing to malnutrition in children with CP with moderate and severe involvement in the early period and regular follow-up of height and weight are important in terms of reaching healthy BMI values.
In studies performed to examine nutrition and growth in children with CP, it has been reported that the majority of the children had inadequate nutrition and growth and inadequate nutrition caused to an increase in healthcare expenses and limitation in functional mobility and participation in function especially in children with severe involvement (5, 10, 11) . In children with CP with low energy sources, the rates of hospital admissions, physician visits, school absenteesim, time spent in bed and failure to perform daily activities are considerably high (10). Studies have shown that decreased nutrition in children with CP was related with decreased mobility (GMFCS) and decreased quality of life (11, 19) . In our study, a difference was found between the children who had obesity, overweight, low weight and healthy BMI values in terms of functional independence in daily life (WeeFIM) and HRQL physical function and role/social limitations as a result of physical health dimensions. In our study, the group with the lowest WeeFIM score was constituted of the children who had low weight. Overweight and obese children followed this. The majority of the children had severe involvement according to GMFCS (level 5). The children with low weight had the lowest score in WeeFIM and the dimensions of physical function and role/social limitations as a result of physical health. This was followed by obese and overweight children. Although no significant difference was found, children with low weight were found to have lower scores in many other dimensions of HRQL. Insufficient amount and consumption of energy which is required to allow and maintain walking in children with CP, weak muscle strength, muscle tonus disorders and nutrition problems arising from various factors lead to negative changes in the health status, have a negative impact on the activity success required for independence in daily life and this may lead to a decrease in the quality of life by decreasing physical function and social participation. This is experienced with a higher rate in children with severe involvement and low BMI values. We think that determining the factors which cause to malnutrition and approaches to eliminate these factors are considerebly significant in terms of achievement of independence in daily life and in terms of increasing health-related quality of life in children with CP who have severe involvement and low BMI values.
Another significant result which we obtained in our study was the relation of BMI with GMFCS and WeeFIM. In our study, a negative correlation was found between BMI values and self-esteem, sphincter control, mobility, locomotion, communication, social interaction and total WeeFIM values. It was found that BMI was related with walking and disability level in children with CP and affected independence in daily life. The majority of the children were quadriparetic children with severe involvement who could not walk and they had low a BMI value. According to the results we obtained in our study, it was concluded that other problems accompanying the picture of CP (muscle strength, energy consumption, muscle tonus, etc.) and malnutrition limited the functional independence in daily life. Follow-up of the height and weight values from the early period with regular intervals and determining deviations from normal are considerably significant in terms of preventing possible problems which can develop in relation with mobility and participation in activities in children with CP.
In our study, it was also found that BMI was positively correlated with the subdimension of HRQL including physical function, role/social limitation as a result of emotional or behavioral problems, role/social limitations as a result of physical health, bodily pain/discomfort and self-esteem. BMI is a significant indicator of the health status in children and adults and an important variable which has a significant impact on the well-being and thus the quality of life. In children and adults, having a healthy nutrition and weight values may affect the individual's physical activity level, social participation and self-confidence. Having a low body weight and/or being overweight is an important variable which affects walking negatively (20, 21) .
The results obtained in our study showed that BMI had an impact on functional independence and HRQL in children with CP and this was more prominent in children with severe involvement (quadriparetic children with level 4 and 5 according to GMFCS) and low BMI values. Regular height and weight measurement is a considerably important factor in rehabilitation programs which aim to increase participation in daily life activities and increase the quality of life in children with CP. Healthcare workers should be sensitive about this issue and take the necessary precautions. Further studies are needed in this area.
As far as we know this study is the first study which examines the relation of BMI with functional independence in daily life and HRQL and the results of the study showed that children with CP had lower functional independence in daily life and lower physical function and social participation and thus decreased quality of life compared to obese and overweight children. Body mass index may decrease the activity level in daily life and the quality of life in different ways in children with CP with different types and different involvement levels. Providing sufficient energy for maintenance of walking also in adolescence and adulthood in children with CP with mild involvement and for achievement of functional independence in daily life in children with moderate and severe involvement may depend on height and weight measurements starting from the early period. Precautions and regular follow-up from the early period are considerably important. Further studies should be conducted in this area.
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